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The Pyrovac vacuum pyrolysis process

• Original biochar
pyrolysis of shredded wood comprising 20% volume of spruce/fir and 80% pine with

moisture content of 10%, under following conditions:
T=475 °C
Wood residence time: 15 min
Atmosphere pressure

• Mildly oxidized biochar
mild air oxidation under flowing air:
T= 200±10 °C with heating ramp of 3 K min−1
Oxidation duration= 1 h

Air flow rate= 165±10 cm3min−1

Nitrogen physisorption analysis

Sample

SBET
(m2 g-1)

Original biochar

50*

Oxidized biochar

65**

Vtotal
(cm3 g-1)

Dpore
(nm)

Yield***
(%)

0.03

1.5

27.8

0.04

1.6

20

Degassing temperature 400 °C under vacuum for 16h
** Degassing temperature 300 °C under vacuum for 24h
*** Based on mass of anhydrous biomass feedstock
*

Nitrogen adsorption-desorption isotherms

DFTpore size distribution

Proximate and elemental analyses (wt.%)

Sample

Volatile

Fixed
carbon

Ash

C

H

O

N

Original biochar

23.5

75.2

1.3

73.3

4.1

22.5

0.1

Oxidized biochar

41.8

54.7

3.5

71.6

3.0

25.1

0.3

(a) The concentrations of Surface acidic functional
groups by Boehm titration
(a’) surface acidic density and oxygen mass fraction
of samples corresponding to Boehm titration

(b)pH value of samples at point of zero charge

XPS C1s photoline of: (a) pyrolysis biochar, (b) oxidized biochar

Adsorption of lead form aqueous solutions using oxidized biochar
𝑪𝒇
𝑬= 𝟏−
× 𝟏𝟎𝟎
𝑪𝒊

(1)

𝑪𝒊 − 𝑪𝒇
𝑸=(
)×𝑽
𝒎

(2)

E : extraction efficiency
Q : adsorbent capacity
Ci and Cf : initial and final concentrations of cation in aqueous solution

m : mass of adsorbent
V : solution volume in batch reaction

Adsorption of lead form aqueous solutions using oxidized biochar
The range of variables in adsorption experiments.

Adsorption of lead form aqueous solutions using oxidized biochar
The effects of adsorption parameters were investigated by the response surface methodology
(RSM) using the following general equation:

𝒀 = 𝜷𝟎 + σ𝒌𝒊=𝟏 𝜷𝒊 𝒙𝒊 +σ𝒌𝒊=𝟏 𝜷𝒊𝒊 𝒙𝟐𝒊 +σ𝒌𝟏≤𝒊≤𝒋 𝜷𝒊𝒋 𝒙𝒊 𝒙𝒋 + 𝝐
Y : desired response either E or Q

x : variable
k : number of independent variables
β0 : offset term
βi : coefficients of the linear parameters

βij : coefficients of the interaction parameters
βii : coefficients of the quadratic parameter
ϵ : the residual

(3)

RSM investigation of oxidized biochar adsorption capacity for lead cations

Optimal value of Q= 9.25 mg g-1 at pH=5, t= 300 min, m= 0.5 g/50 cm3, CPb= 100 ppm

Equilibrium adsorption of lead cations
using original pyrolysis and oxidized biochars

Possible mechanisms of lead cations adsorption

Schematic of the effect of biochar
pH at point of zero charge on cations adsorption

SEM images of oxidized biochar :
(a) before adsorption,
(b-d) after adsorption under conditions of pH=5, m=0.5 g/50 cm3 of solution, Clead=100 ppm, and t=5 h (Point i),
(e-f) after adsorption under conditions of pH=5, m=0.5 g/50 cm3 of solution, Clead=1000 ppm, and t=50 h (Point f)

The effect of biochar modification
on the equilibrium adsorption capacity of lead (literature data).

Conclusions
 mildly oxidized biochar is a suitable adsorbent for heavy metal cations

 very simple process of mild air oxidation can be used instead of the usual costly
chemical activation for improving cation exchange capacity of biochar.

 The observed heterogeneous spatial distribution of adsorbed lead reflects the
particular location of the oxygenated functional groups.
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